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(54) Nickel active material for use in alkali storage cells and its manufacturing method 



(57) A nickel active material for an alkali storage cell 
whose surface is covered with a cobalt compound, 
wherein the diffusion and permeation into the nickel hy- 
droxide mother particles of cobalt compound during ex- 
cessive discharging, which act to reduce the active nna- 
terial efficiency and the excessive discharging charac- 
teristics, are prevented. This is achieved by having a 
covering layer, including one or more of the following 



metal compounds; an aluminum compound, a magne- 
sium compound, an indium compound and a zinc com- 
pound, in addition to a cobalt compound, formed on the 
surface of a mother particle of nickel hydroxide, and by 
heat treating the covered mother particles in the pres- 
ence of alkali and oxygen so as to convert the cobalt 
compound into a compound of cobalt where an oxidiza- 
tion number of cobalt is greater than 2. 
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Description ~ , o. 

BACKGROUNDOFTHEIN\^hn"iOi^ i:^^^ '^i . ... . ^ 

■ '.v/:^ l.JK.N. • . ^ f ^/f - i . ' . y:.",^- 

5 i/Fieldx>f the lnvehtk>ri ''^' -'^ ' ' ' ' i.n . ic^!;!- : - . ; r j- - n. ,- ' , - - ' \\z 

Tlie present inventbn relates to'alkali storage cells, and more specificaliy-to a nickel hydroxide active:materia!:f^^ 
use in the positive electrode of ah-Hlkali'storage ce!l.^ ' ' ^ * '»J..>.'-i ...... . * 

^0 2! Prior Art- :■ ' • ' ^- 1 v • ' ^v.?;^-:^ ;. •: -../ - = r~ • >r,)' i* : . , 

'Nickel hydroxide electrcfdes whichMnclude nickel hydroxide as an active material are widely used as the posita/e 
electrode in riickelK:admiurTi storage cells/ nlckel4iydr'6^ storage cells and other such alkali storage cells^fAlpng with 
increasing' d^nriands for irhproved storage -capacity due; for example^ to the use of these kinds* of alkaliistorage. cells 
in portable -^^^^ there have also been demands for-irtiproved energy- density for nickel hydroxide 

electrodes. ->:^:i.?A ^ .-i., ^\yr'^:.i: 

Gne oKthe main conventional techniques fo 
In' a multi-pore substrate/ created 'by si;itenng pb\\tJered; nickel- into punching nietal or the I1ke,. is impregnated iwith 
nickel hydroxide, 'although under said technique it is difficult to achieve a ratio of jpores as high a3S0% tor§uch.sub^ 

20 strates; This places'^ a limit on the ajnoLnt bf^'acrtive material ' which) cain be impregnated into: the ; sUbstrate,*nRaking 
inipreasiSs in the ener^ density of the eleiitrcde pioblematic-fSueh isintered electrodes alsojcontain: fine pores whkjh 
'are under lO^m, which means limits' thef poSsibfe'^pCrd-fiU to solution impregnation -methods iand^ elec* 

'trbdepositioh methods, both brvvhich' require -'c^ ' ^ :.i ^ r: . -v.t^.v v: j . ■ ; m ; ; 

^ ' * There 'are, however,^ known techn iqlies- f or f>?oducrrig:nbn?-siritered nickel hydroxide electrodes: • Herie; foami ri i^kel 

^5 which does not have a central core is used as the -substrate' whidh is then directly 'filled using nickel hydroxide.t.this 
methdd Kaving'the advantages that a 95% ratib.of poi'es cah^ba achieved'for the cfubstratd ark) that there are improve- 
'ments'oversrnterihg techniques in both-eheirgy density and the ^ase of the? pore-filling pr6cdss..vO >vi ; ^ . 

■ ' Hovvevei-, there is the probiem'thatthe radius of thVpores in foam nickel substrates is large, resultit>g m a irediictton 
"in the coritact are^ between' the nickel substrate which 1s the ciJrrerit collecting plate arid the -active mater^^ 

30 with'wHich the siibistrate is fiHed; This means that there is jx)br eldctricat contact between the active material and cunrjent 
fcoli^dting plate which causes a reduction' in the overall efficiency of 4he::active rnatarial in the pos^ive ielectrod 
' In brder to- overcome the abovd drawb^k with^ndn-sintered^foam njckiar'substrates/. techniques for covering the 
= surface of the nickel hydroxide mother partieleis with cobari hydroxide or for covering the'surface of the hEckebhydroxide 
^mother particles with'asolid solution of nickel' hydroxide ^hd cobalt^hydrpxide have been proposed:;-. -^'^ K*:^<J^•^ j : 

55 f . - '- Once nickel positive e!ecti^6de*plates adapted to these technicjilies- havebeen instglfed into alkali stoirage cells,:tho 
icobaift component dissolves iii -the electrolyte aihd is' evenly dispersed on the surface of the rnickel hydroxide. ; being 
precipitated during the first charging of the cell between the particles of active material connecting them' and between 
'•the jDarticIes of active materiar arid the'durrent' collecting plat^ precipitate; is icctott.oxyhy- 

dro:^icJe which- formd conductive networks '\which imptoVe the -electrteal conductivity, between :the particles of active 

40 material ahd between theparticliBs of a'ctp/e ririaterial and the current collecting^plate: This in turrr improvesthejefRciency 
of the active material particles*' ^ -^r^; ^-rw = ^; oi^^r ' .^,^1 -•: -v -nK. i..- 

- ' . Here! a technique for covering the suriaceof nickel hydroxide motherij3artk3lefe)V/ith cobalt hydroxide and then heat 
treating thiis Covering' IMyer'in the presence of alkali solution is* taught- by^Japanese 'L:3idOpen Patent Application No. 
T-200555, with an even greater imprbvement in conductivity being attalriied due to this process.; c .i. vt , ^. n * 

45 However, if a cell containing ah active material where'the'surface of nictcel hydroxide particles is covered in:coba!t 

''hydroxide is subjected to excessive discharging, this' will result in the cobalt hydroxide forming the covering layer being 
diffused and permeating into the nickel hydroxide mother particles. This causes avreduction in -the; amount of . cobalt 
' h^broxide on the surface of the nrk)ther particles - and areduction in the electrical conductivity of the conducti*^e networks 
' formed' Inside the electrode. This c^uses^ a drbp<in the tiapacity of the electrode., There can be variation in the degree 

so • to which this phenomenon occurs, but it is a recognized problem for the technique cpvering.the mother particle with a 
solid solution of nickel hydroxide and cobalt hydroxide, even when the mother particles are heat treated in the presence 
' Of alkali solution; -so that" a solution to this problem- is desired.-: . ; . - ? » ; i r - ■ \ • . • ; . . -i v 



55 



SUMMARYOFTKE'INVENTION^'H '-f^ '-M- •: • ■ • ^ ^.i^ c - -,- ; - 

' ' it Is a primary objisct of the' present invention to provide a nickel activ'e matarial and antalkali storage cell using 
said nickel active material, whereir* the* nickel active material is a nickel, hydroxide active mate rial.. with its, surface 
covered in cobalt compound, which achieves a large improvement in conductivity using only a small amount of covering 
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material and which does not suffer from the diffusion and permeation of the cobalt compound in the covering layer into 
the nickel hydroxide mother particles. - ■: ' :* r 

This object can be achieved by a nickel active material in particle form comprising a covering layer formed on a 
surface of one of a mother particle formed of nickel hydroxide and a mother particle formed iwith a main comppnent of 

s nickel hydroxide, wherein the covering layer Includes a cobalt compound and at least one of the following metal com- 
pounds; an aluminum compound, a magnesium compound, an indium compound and a zinc comppundi and the cobalt 
compound in the covering layer is converted into cobalt compound where an oxidization number of cobalt is higher 
than 2'by heat treatment of the nickel active im^t^ria^JnTtheipresexice of. oxygen ^od aikaJi.^ . . , ■ * 

This object can also be achieved by an alkali storage cell, comprising: pos^it(ye eJ^ptrode made up of a substrate 

10 filled with a nickel active material in particle form comprised of a covering layer formed on a surface of one of a mother 
particle formed of nickel hydroxide and a mother particle fomried with a main component of nickel hydroxide, vyh^rein 
the covering layer includes a cobalt compound and at least one of the following metal compounds; an aluminum com- 
pound, a magnesium cbnr^ound; an indium conrtpound arK*a zinc eompouncj, ^and jv(3e;ein the cobaJt comppupd in the 
covering: l&yer-isfconverted into cobalt' compound >whQr% an oxidization number q{ cobalt i%ihigher than, 2; by heat 

15 treatment of'Jhe nickel active material^^ the presence of oxygen and alkali; a negative, ; electrode . a,rrangec|,5<;i as to 
face the positive electrode wftli a separator irtrbetweenif^ncjjanalkali electrolyte which is in contapt vyith bot*;» Vhe^fio^itive 
electrode and the negative electrode. ..^j-y^^ 
or^:rhis object can also be achieved by a rnanyf^^ 

Includingi a dispersed solution adjustment step, foradjusting a fli^p^rsed solution by<Jijspersing one ptrriotheriparticles 
20 f ooTied of ; nickel hydroxide and mother particle?. formed with; nickie^ jhyqJrcMQRje a§ a m^jn cpmponeiit; a coyering sl^p 
fon^ddirig.an. aikali:,solutiGn and a-muftiple eonnppnentisplutipn epnt^ining ^^qofaait Qprnpound,ar)d npe^j corripo^nd 
fhade up of ^t,least one of an alciminum con^ppundv a magr:ie6lum;PQn:»ppy.n4. an indjum compound and a zinc com- 
pound to the dispersed.solution whilst adj usting a.vyeak tia§^, th^ret^y^sin^ th^ mother particles 93 a base and cpvering 
a surface of the mother particles by precipitating a nuiitipl^ ppmppnont precipitatej^p^e up ot-t^ cpbi^ft compound \ 
25 and the metal compound; and ah alkali .heat itreatfneot step.f or; placing the mother.p.^rticl.eis coyer^ in thexpvering 
v5tep into alkali metarseluttoh artd.heatftreating-withioxyge^ . h \.: , ■ iv- . . o- -v: . . 

. /- Furthermore, this object can. also be achieyed,i>y a n^anufacti^irig method for ianjaikaU stp^ QCMrnpris!ng:.a 
positive electrode manufactun^g^step which pompxis^:: dippers^ed soUj|ipn apfju^stmen 

isdluti6n by r!"ispersing one of mother particles -fornriedi of riickethydroxida arid mother particles torrnecl.xvvitt^^ajmain i 
30 cdrTiponenttOf nickel hydroxide;, a coyaring ^stepifor add.ii]ig an alkali epiutipn.and a multiple conripppGnt solution <^pn- \ 

itaining a cobalt •eompouRd:ahdrmeialicompound made-up of at jeast one of an aluminji^m cQ^poundo^^^nagnesium ; 

compound. ah indium compound and a zinc compound. to the dispersed splutipn >f^MX adjusting weak ba^^f.ther^eby i 

u^ingithe mother particles as a base and covering a surface pf tl;ve mother p^iclps by pirecipitating a xv^u It iplqpomiX)nent \ 

precipitate nffiade: up of /the cobalt. compound and the metal cpmppun0; andean alkali^ he^t treatment, ^tep for placing 
35 the mother particlBs;coyerediin thejcoveringistep: into>alk^li. metal jso^tip^ and heat treating with oxygen, present, and 

a cell assembly step for arranging the.poaitive, electrode formed in-the positive/electrode rnanufaptumg step and a : 

negative telectrckJe. so as to. facer each other with a separatq^/irj^jetvyeenha^d tor,a§se^^^ 

alkali ^electrolyte:': vr: ,r ^n:; . . --.--^^ 'c- •■.:-to..jr:c :»:'\* :ieo ri/ii .> ; i ,r iv-)' -i - '^-^w * -..-^ 

.iiy:By :m6an6:of^thiB,construGtions,of-eiaims.1 andj7, th^ surface of ^ the nnPiher,par^icje^^\^^^ is; composed of nickel 
40 : hydroxide or wKHch has nickel hydroxide as its main compoaetrH is covered .vwthtcpbalt; compound where th 

^■numbe'r of cobalt exceeds'2jSince cGbaJt compounds where theoxidizatipo Jl.unaber of Qo,balt exceeds-2 have, excellent 
conductive characteristics, there is a clear improvement in the conductivity of the actiye,material. . t ;.; •:.• ;?:>.- . . : 
" * Wh'eh'thisrnickel hvxiroxidejactive'materiarof superior co^^ is used to fill a substrate, the 

cobalt compoljnd in the epvering layer forms ,favorable.i3pndu^^^^ 
45 hydroxide active material. A6;a resultj a greater nurnberiof particles pf the nicKe) f)ydroxide active material can contribute 
'to^the electrode reaction, leading to a great improvementf in-the efficiency of ithe active, rriaterial. _ , , ..j^.^^ 
, ! - Here; $ince the oxidization numberof the cobalt in the cobalt corTipoun^i in,the cpvering layer on the mottper particle 
iis greatefr than-2i:the conductivity of tha active material can be improved using oply a snr?all amount of additive. 
: ' .'AlsD.^ the covering layer incJudes arhetal: compound. made. up, of Lat !ea§t, POP of an a^ cornppund,.a nnag- 

50 nesiijm compound, an indium compoundand a'zincjcomppupjd, sp that , the Cjapacity of the nickel, hyc(rpxide acti:/e 
i > material, especially the capacity aft ec; excessive, discharging. (which Js to,say excessive dischargingxharacteristips); is 
.;improved/' v- ~ m:= • : Oih^^rj/* •;:•!>' b^.t'-- .r. ^- .:..\ ... ■y^xi-y.-VS^-^ 

This is because if a metal compound made up of at:leasl one of an aluminum compound, a magnesium cpryipound, 
an indium compound and a zinc compound is added to the covering layer made up of cobalt compound, this metal 
55 compound is believed to act so as to suppress the diffusion and permeation of the cojialt compound into the inner part 
of the mother particles. 

: Here, it is desirable for the amount of cobalt compound in the covering layo^itp; be:.within a range of 1 % to 1 5% by 
o weight cof the nickel hydroxide rriother particle calculating iiF> terms of hydroxides^^ , - . = ^ 
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In the same way it is desirable for the amount of the metal compound such as aluminum compoun^J, magnesium 
cortipound, indium connpound and. zinc cornpO(und in.t^iet .cove ring ^ypr to be.with(n..a-(ange of 0.5% to 25% by weight 
of the cobalt compound calculating ir^ terms of:-hycjroxi0esr^ said weight to be 3% or less 

otthe weight of the nickel hydroxide^in^thefypthef parUcle. calculating in terfn^ of, hydroxides,. . 
s ?1 • By.means of the nianufacturing Tnethod ofkCJaims, Qiand il 4, aim^^ultipte component precipitatejomned oia-cobajt, . 
compound and a metal compound irtade up of:at.lea3^,Qne pfian aluminpm cqmpound, a. magnesium cornpound. an . . 
indium compound and azinc conripound is fomried onithje; surfap^ of the ,m9th.erj particles during the Dovering step,. , 
thereby fonriing a covering layer oTkthe surface pt the 0^pther particle&^^^ ^ , ,ri. * - 

^ . Ftirthemnore. since with these methods^the .conrippoaition and concentration of Jhe multiple, compqinent sol^ition can » 
10 be adjusted and the pH, dispersion solution temperature, and strength of stirring can be changed for the solution Jntp 
which thetfnother particles are.dispersed^Qhe dispersed splutipn),; the compel covering layer„the thickr^ess 

of the covering layer and condition:Qf .the covering layerijan be acjju§ted,|5o that a desired, covering layer can.bo easiiyj,. 
produced with la higheryield.rate^ v : j^- ..i ^ = , : -s =j- r-t^^- r,.^; ^, j^, t^l- . ov>v 

*: "Jn the alkali heat treatment step, the cobalt compound contain^ in thp coverjngjayer is^cony^eijtef^ intp.co 
IS compound where the oxidization number of cobalt is greater than 2 and the micro^truGture pf .the cbyering l^yer.is 
converteci\into.a porous state which is favorable for the .electrode reaction. In t)iis way. the TOnduqtivtty^^p^^ ppyenng 
layer is lmproved'and:the microstructure pf-theiCOVering layer i^.phang^d so th^tithe;C9fitact bem 
and the mother particle is improved. c!l-!v-oo. . 

Tt- Here, it is preferable:for,the concentpalion ptithe alkaU.metal spiution al.kpili hpat j^e^tmQnt.to.lJe,15?^ tcvfO% 
20 by weight and for the temperature during the heat treatment to be within a jange of ,5iP°G tp^1 SCJ'.p^ ^x-. ;i:..^;5r 

i'r By means of these kindsrof manufacturing rnethods, ,nickel*hydrp?cide.actiye materjajj^d.^ll^li .cejls fpr. which the 
efficiency; of this active materiai;.Jhe/C3pacity.pjer;.un|? w;eighX9f aGtiYP:fpalprial:an(i.the=e?^cessiy,e^^^ 
tertGt«s are; superior can be reliabty-nrianufactu^diW^ v ^ .vx-^^.,: ri.i.t:: . . Vr; 

25 BRIEF -DESGRIPTIONOF THE DBAWINGS.; .-.c-.b . -vv^ . r; u.:. -r:^..!- ^ 

These and other objects, advantages and features of the invpntpn .wiU 
scription taken in conjunction with the accompanying drawings which illustrate a specific embodiment of the invention. 
In the drawings: . - ..•. s;. 

30 Fig. 1 is a drawing showing the manufacturing process of the nickel hydroxide active material and the alkali storage 

cell to whichiha embodiments of the present invention relate, said dra\^ing also jshowirjg the §tate,Qtthp _nipk^l hydroxide 
particles. at each stage of th.e.manufacturir^g p.rpcess;,; . . :t ,c .. 'j'^-i. x)v.. j^ ' '■ -'-y.i ..-•■ •/ v • • . . " ' ; 

DESCRIPTION OF THE PREFERRED EMBODIMENTS . -iri;;..- Ha.a\ i -.Mi- : . > 

rc\ lhe foHowing.is a description :of thp er;ntpodjm^nts,of the present jnventipn.a^ comparative j^xarnples.^a^^ 
the results obtained fronnoaxperimentS:U3ingithe;ern&pdim c^.thfiiKeserit invention and the coippar^ye exam^^ 

^" V::- 'U^Mv. !r'rr' = -^ i. c-o^c.^. U. 9d -:rA'-'r-'" 

First Embodiment - .v^^ *.« f:.-. . .i : . bc' - . c ■,:?vv i.--/7rc.. ,< :vk'J' ^ ..i'":" 

Fig. 1 is a drawing showing the manufacturing process of the nickel hydroxide active material and the.alkiali storage 
cell to. wh ich the present embodiment relates,, sa.id.;d rawing also shpwing the. state of jthe , n iQke!|h5^d rp:Kiq|e paft ic jes at 
each stage of th e man uf actu ring process. I • c i- i ; - : ' " . ■ - ' ; t u . , 

The following is an explanation of the manufapturing process, of the^nigkel hydrc^cide aptiye material apd ttje alkali 
45 storage cell of the present embodiment and of the characteristics of said nickel hydroxide active material and alkali 

storage cell. r v; ! .-l: ; 

Manufacture of the Nickel Hydroxide Mother Particles and the;Covering Layer , ..ij.jj . ^ r\r 

50 ... Firstly, an aqueous solution of 2^%. sodium hydrpxide.by ^ weight v)(as slowly naixed into an aquepus* S9lution. of 
nickel sulfate of specific gravity, of larcHjnd 1,33; so. as. hydroxide, ..with the pH, being cpnstaritly 

adjusted u$ing an aqueous solution pl.gmpnp.ni^/ This. njckel l;iyd^px^ water so that 

nickel hydroxide mother particJ^s -Yere prpdyLiced. lt(Should be noted here;that the average particle radius of fhe nickel 
hydroxide mother particles was around 10^m. 

55 Following this, the aforementioned nickel hydroxide mother particles were mixed and dispersed in approximately 

four times the amount of water (relatively by weight) and, while keeping the pH of this mixture (slurry) constant at 10 
using sodium hydroxide solution, drops of solutions including a cobalt compound and an aluminum compound were 
added. In this embodiment, the multiple component solution is made up of a fixed amount of aluminum sulfate mixed 
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into an aqueous sblution o1 cobalt sulfate whose concentration is 10% by weight when calculated In tenms of the weight 
of the metai (cobalt).- " ■ .^-^ ^ ^v- -.fr.. . r. > ^ r::!' v..:. -r; :/ 1 tc.c^-- - ■ r — . i ■■ 

• By doing so, a muttiple component *precrpitate'Was^p^^ soias to- 

cover the mother particles with a multiple cbfnpbh^iiHayeF^^^ wefe then removed, washed and driad... \ 

5 These particles of nickel hydroxide whcse^^uri^ce is -covered are' calSed d^^ nickel particles* The^ coverings 

lay^rbf these covered nickei particles 'is niadd^up of d solid solution' 61 cbbaH'hydrt5Xida'and aluminum hydroxide. with 
it being possible to adjuis't the covering amoiirit bf 'cobalt hydroxioe iSy changing the amount of drops nrtixed'into ther 
muttiple component solution relative to the nrib^^ 

and the cobalt hydroxide in the muttiple component^solutibri'cah be fouild beforehand by experimentat^ 
10 desirisd bovefing ahnount can be attained by adjusting the iamouht of the dripped subslanceS in the multiple component 

solution/"^''*' • - ' ^ - ^ "■ ■ , • '.'1--'^.- :.-<..-,r;C . V . >Hf. .V .-r ■ ' 

'In the present embbdiment, the aimbunt bf cobalt hydroxide in the cbvering'layer was set seas to be 10% by weight , v 
of the nickef hydrbxidei in the mother particle when calculating in terms of hydroxide amount. ^ " i fi i ivo:; ^ ro 
Also, by adjusting the amount of aluminum sulfate added to the aqueous solution of cobalt sulfateiwheh adjusting , 
IS the muitipi'e cbmjDon^^ the^amoiint of aiOminum hydroxide included in the covering layer can be adjusted 

relative to the ^nnbuM of cdbatt hydroxide:^ - ; : -.'y . : r ;^ : , - nv. . v?: 

-- '^in thVpresbht embodiment, the ambunt of aluminum "su rate added to the multiple component solution was set so . 
that alUm'inufn hydroxide includedin the covering layer id 5% by weight of hydroxide relative to 'the arnount.ot cobalt^ 
hydroxide. ^ .;v.. ; r ■ ' r;-n:\ ? . 

20 - i^^ '^rriouhts 6f 'tfie*Tiickel' hydroxiclev cobalt hydroxide ^rrd aluminum Hydroxide inn the covered: nickel particles 
were measured accoi'dihg to the follbWirig metHbd.-*^ * ^ - "^'^ •• . [) < ti k ^ i--^^ / \ ■ 

■''^'The cbvere'b hickei pailiaiSs w^ere dissblved'Th^dtluted'hydfochtenc acid^an^^ between the nickel, cobalt 

and aiuminum was rti^ an iCP quaihtimeter^ After this, thapercyitage by weight 6f nickel hydroxide, cobalt - 

hydroxide and aluminum hydroxide were calculated baseb bn tWe' rYi ©a cobalt- and ^luri ; 

2s minum. 

It should be noted that although aluminum sulfate was used here as ah acWitiveriihto the aqueous soluttdri of cobalt: 
sulfate to form the multiple component solution, the same results can be achieved by adding aluminum nitrate to cobalt 
sulfafeVby ^ddiHg ^iurnirium^ : ' ' - 

30 Alkali Heat Treatment ^ k " rv> 

\Vhite stim^^ nickel particle^ in a t»*edker; enough erf afn'alkali nrietalisoiutibn (an aqueous solutioh^of; 

25% by weight of sodium hydroxide) to dampen the particles was added«o'as tb inhpi-egriate the cove red nickel particles; ? 
before the particles were heat treated for 0.5 hours at SO'C while stirring in the presence of oxygen. This process is 
55 called alkali heat treatment. ^' i-^^^w'^ ViC. P . v., 

This alkali heat treatment converts the cobalt compound in the covering layer into a compound of cobalt where 
the oxidizatioW humb^^ ^irbate^ thaii'2/ That is say.-much^df the cbbatt 'hydroxide in the CGver^ing layer 

(the oxidization' Wumber of'cdbati'b6ling"2y'is'*con^^^ durih& th6' alkali' ^Hd^^rtreathlent int5)?coba where the 

oxidization number of cobalt is 3, so that the average oxidization number of the cobalt becomes greater than 2. 
40 The microstructure of the covering layer is also converted into a porous structure as is described laterln this lext ^ 

which improves the excessive charging characteristics of the cell and the contact between the mother particles and 
the^efectrbtyter^' - ^-^-^-^ -^^^mo >.n . ..f.^.:: -it^z-v- • . : ; ^ . 

' It'&hbbid bexlear^h^V^^^^ 'bbrtipbufld'is still prbsiefrtt in'the covering la^er after the alkali heat treatf 

menthas been performed. •■ ] -y ■ tr ■ ' ' :y • 

45 ■ Th^Wctive'iTiatefiarrhanu^^^^ -J;. ■ 

Manufacture of the Nickel Electrode > = • - ; 

100 parts by weight of the active material A^iand SO.parts'by weigbi:^ of hydroxy propyl 

so cellulose (0.2% by weight) were mixed so as to produce an active material slurry, with this active material slurry being 
usfed tb'fitl fb^ nickerbf thickhfess 1 .6 mnri and'of a 95% degree bf porousness, before this was dried and rolled so 
a^ tb produce ari electrode which is 0.6 mm^' ■ ' ' ' - " 

' ' ' It^'sHouid be noted here that theamouhtbf'th^ filledactive i hater ial is vie Wed in temns of only the nickel' hydroxide 
'in'the active material A^,' and lis calculated based bh a theoretical capaciiy' (2891-0 Ah/g) per unit weight of'nickel hy- 
55 droxide. ' i^-^ r- , • >;; • ir- 
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Manufacture of the Negative Electrode 



Misch metal (Mm), nickel, cobalt, aluminum and manganese were mix^ at a ratio o1 1.0: 3.6: 0.6: 0.2: 0.6. with 
this mixture then being mettod to form an alloy under argon gaspn a hamnorjc indi^ption furnace. This molten alloy was 
then cooled so as to produce an ingot 6x^ressed by the. formation equation Mn^ qNis^Coo eAlo'^^^o.e ingot is 
then pounded tdform a hydrogen ^at&orbtn'g alloy whose average p^icle radius- is >10(>arrv: 

This hydrogen absorbing alloy was then mixed y^rith a bindir^ agent such as polyethylene oxide and an appropriate 
amount of water to form a hydrogen absorbing alloy paste whi^h was spread on both sides of punching metal, dried, 
and then rolled to a thickness of 0.4mm|to fbrrh the. negative efectrode. ^ - 



Assembly of the alkali'?storage cell 



I ^bove was used as tKe positive elect rode,, witlp thb positive electrode and negative 
h a'separator in-between. The set of electrodes was then inserted into a cylindrical 



The nickel electrode described i 
electrode being used 3s layers with a'separator in-between. The set of electrodes was then inserted into a cylindrical 
IS outer casing into which a fixed arnount;Of alkali electrolyte was poured. The'cylodrical nickel-hydrogen storage cell 
was then completed by sealing the outer casing. ] « * - T " ; 

It should be notedJier^ ihat the theoreticalxapacity.(l2Q0rjriAh is seibylhe positive electrode with the 

capacity of the riegative electrode being set ix 1 .5 times;that figure, j \ i ■ 

The cell constructed a&describedaboveiis called cell A^. ; i ! " 

20 • ! I = ; i ^ i M; • 

Second Embodiment ' ■ ^ i f ; 

.. : f •■ ; P i . I ••> i o ! . i c;. I i ;: . '.■ '\ V i 

During the manufactiJring process of "the active material in the'tirs) ernbodiment, one of magnesium sulfate, 
indium sulfate end zinc sulfate w^s usejd in place oj alurninum ^sulfate as the metal saltfadded tojthe aqueous solution 
2S of cobalt sulfate in manufacturing^the multiple componenrt solution. Iri this way. the active rhatarials A2, A3 and A4 were 
produced. ^ ; j . ; . : | » ;v ^ • 

Here, the covering, layer of, the- man ufan;:u red '.active. materj^il Ag. Js .forrned.of .hig^;i-ofder converted cobalt along 
with a magriesium compound, the covering layer cf the iTianufactured active maleriaj^ Aais formed of high-order con- 
verted cobalt along with kn indiurn combo^ncJ ar.d ihe ccverin^ layerjof -the nntanLfac^urlBd:active material At is formed 
of high-order converted cobalt along with a zinc ccmpoLW. i ; • ) ' ■ ^ 

As before, cells ,^2. A3 and were rranufactured acbording to the sam^e methodias th^ qell ip the first embodiment 
using the active materials A2. A3 and i j 1 ; \ . 7'; ! 

It should be noted here' that while in the present emfsodimjent rriaghesiuph sulf^te.undiurp sulfate and zinc sulfate 
were added ^o^the aquebu's solution cobalt sulfate m manufacturing the multiple dornponent solution, other salts 
35 such as any, of magnesiurrj nrtrafe, inu^umriftrate and zinc- nitrate* can sirnilariy be added tc cobalt nitrate to achieve 
the same results. I ^ ' * I i ' ; ! • i : ; 

• ^ „ * i i : \ i 

Comparative Example 1 * J ' ; 1 ^ • ' 

• ■ i • -r ] ] --\ % ; , ;. 

40 During the manufacturing prpcoss of the active rnaterial A^ of the first; embodiment, in place of the dripping of the 

multiple component solution, dripping of ain aqueous solgtibn <^»f cobalt sulfite^(of;conicentf^ti6n 10% by weight in terms 
of the weight of ,the^metai)iwas performed with other than that the same fnethc^d as theiirst eiVibodiment being used 
to produce-thei active material ' ^ : I \ ^' . ' ' . 

Jhe active material'X has the cobalt compounds In the covering layer'converted into hi^hefHorder cobalt but does 
45 not include a compound ot a meW su^h as aluminum. ' \ ' * ! \ I 

Using the s^me method as the cell in the first embcxdiment, a cell X Indluding active rriaterial X was manufactured. 

Comparative Example 2 * ' . • » \' '. 

: ^ ; ' 5 : ^ i - : w. 

50 Here, active materials' Yq, Y;i, Y2, Y3 and Y4 were manufactured using the same processes as active materials X 

and A^. A2»:A3 and A4'of corriparative exanhple 1.and the first and* second embodiments with the except bn that the 
alkali heat treatment was not peHorrned. * - / • ; ^ ^ ,« , 

Since these active materials; Yq, Y.j , Yg, Yg and Y4 were not subjected to alkali heat treatment, the cobalt compound 
in the covering layer is notjconverted ipto higher-order cobalt and the conversion of the microstructure'of the covering 

55 layer does not occur. ' . ^ 1. , , .« 

Using the same method as the cell In the first embodiment, cells Yq, Y^, Y2, Y3 and Y4 including these active 
materials Yq, Y^, Y2, Y3 and Y4 were manufactured. 

The composition and conditions of manufacturing the covering layer of the active materials in the first and second 



6 



EP 0 727 835 A1 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



embodiments and comparative examples 1 and 2 are set out in Table 1 . 



* c 



to 



TO 

c 
u 

c 
a> 

B 

0) 



ro 

•'^ . 
u 

r ; i ,;-;;^ - .: 

e ? 

a? o, 

u c 

(0 (0 
E 

' 0) U 
O 

U <H 
CM 

•o o 

^^ ^ 

0) -r^ 

> 'O 

o c 
u o 
u 

O 

C Q 

irt 0} 
; -4-» ^ 
^ U 
Id 

. O 4J. 

e « 
o 



I- c 

4J 4J 





c 


c 


0 


o 






4J 












o 


•4J ID 






■ . ) 


Oi 








c 


4J 


O <M 


4) 


. Q 0 





(n 
C 

C ^4 
-H O 

o o 

04 13 



0) 
H 

(0 



o 



CO 

o 

^- 

u 
u 

0) 

>1 

<0 



■ a 
o 



>f -1. 



o o o 



i 



0} ^ 

> cu 

. ... i > 



01 

J/, 
u 



u 

0) 



4 



in 



O O 



in 
o 



1 



■CO 



I 



to 

CM 



00 



m 

CM 



.i. It' 



o 



in 

IN 



o 



I 
I 



o 



o 

.00 



o 
1-i 



I 



.1, 



Q 



(d 

a. 



Or 



a: 



0) 

u 



to : 
'd 

•ST - =^^^ 



7 



15 



20 



2S 



EP 0 727 835 A1 



Experirnehts * ' 

Ttie following e^^cpferimehts were'bdrried ouft fbrthe active matenate in' the firs^arid second embodiments and com- 
parative examples 1 and 2. 



Expeii'meni 1 



/' file capacity per unit weight of ac^ materiarand excess -charging chaVacteri were measured. • : V\ 
' Here; the capacity' per Unit weiightbf active material and ekcesJs discharging charactieristlcs were measured forthe- 
10 cells A-,-A4.X and Y0-Y4. ' ' ^ 5 ' ' " ' - i . . . 

The electrical cj^acity per unit weight of the'actlv^-niikterial Was caiculated according to the following niathenniatical 
equation. With the discharijing capacity being measured by^haViri'g^the atorernentioried cells continuously charged for 
1 e'hours usifig a currerit of 1 isOmA before discharging the ceHs with a currant of 240mA until the cell Voftage falls to 1 OV' 



" .elect capacity pkt unit \ jHceii discharge' capacity- 

, . . ...weight of 'active material^^ = 



; >* 



Ni' active 



r; ::j • •.>(• 



^ airidunt iri Ni^ er<6idtrddfe^ 



The eWdessive discharging^ charactbristibs*^^^^ cells urideV the conditions 



described below. ' 

o;f :i h vi'< 



1. When charging at'1206mA, the charging Vvas stopped' i6r One' hour when the *6'el I voltage dropped 10m V (-AVg 
after the maximum voltage had been attained. 

2. After stopping for one hour, the cell was discharged at a current of 1200mA until the discharge ef;i.ding yoftage 
of 1 .py was reached. 

30 '3. After the' alaiove di^cln^rgihg; the cell was forcibly' discharged at a currertt off 60mA for sixteen- hoDrSr ■ : 

'4. After r^^eating 1 /- 3; 'for ten cycte^; the process' l.'^^td ^. wisTepeated-fbr»fivei cycles;: The discharge cap^^ 
" \|be|f6re'exce^^ discharging" and the discharge after'lhe^ final cyde weriB completed Weire measiared.^with 

. ' the ratio between th'e two foirriirigtlieexc^^ ■ '-'"^ - • ^ * i/ ^^^cs -i ..rii 'o 
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The' results of Expefiriieht'1 aire'sh6wh-*ih Table-2r J-^ ^ri^i;; ■. •;\-?;r--.H 



Table 2^■*^.^' ^ ^ i Nr . ;,--; 



. Active rnaterial.type 


6apacity per unit weight bif a^^^ rhaten^ij' , 
, , . . . (ipciex hurhber) ' '[ ' ' " ' ^ " , ,^ ~ ^ 


"Excesi5*&iscrYar^irtgchafacteristii& '(ind^x" 
' hurnberf " 1'- ' 




V.^t : 1 V- .1IOO (standard) --.1^. .. r 






102 






--1:^ .:-Jp3 ,,,,,, 




Y3 ■ ■ 


■ ' • ~ ''lofs ' 


• . : '':-;;i.i-.:^>'119'.:i-' - A 


Y4 


103 




X ; 




:o-':*ii3.:. . . 


- . A,: ^. , 


105 


133. 




104 


133 


A3 ■ ' ■ ' 






A4 


--•^-■■Jcn^.-rv? . 1Q5;-. 





Note here that the values in Table 2 are expressed as index numbers with cell Yq as the standard. so that its cell 
capacity and excessive discharge characteristics are set at 1 00. 

As can be seen from the results in Table 2, the capacity per unit weight of active material and the excessive 
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discharging characteristics of cells - Y4 are superior when compared to cell Yq. with cells - A4 also being supenor 
when compared to cell X. The improvement here in excessive discharging characteristics Is especially noticeable. . 

This is to say the excessive discharging characteristics of active materia! are improved by adding a compound of 
any of aluminum, magnesium, indium,and;:?inptp.the qpven.no layer^madeiUp^qf a cpbalt ran^^^^ 
5 effect is known as the multiple component effect). . , : , , 

Also, by comparing cell X and cells A, - A4 to cells Yq - Y4, it can be seen that the former have superior capacity 
per unit weight of active material and excessive discharge characteristics, showing that the alkali heat treatm^pt leads^ 
to an improvement In capacity per unit weight of active material and in excessive discharge characteristics. 

Accordingly, it cart be understood that Jmproyements in capacity per unit wejghtpf actrye rn^terlal and in excessive 
10 discharge characteristics can-be made by.formir^g the coyeririg lay^r.of a muHipieJcp precipitate including a 

cobalt compound and an aluminum compound or the like. ^ . : ^ . . 

/ The muttiple cornponent. effect and the effect t?e cprnsidered a.s 

: V 'When a covering layer of a cobalt .compound is jorrTie)d(.on, the surface of the. nictel hydroxide nnother pai^^^^^^ 
covering layer actS; to improve. Ihe.cpnductiyity, pf the actiye^material particle and to fprnri conductive net>wprks between 
IS active material particles. Accordingly, the efficiency of the active'materiaT is improved. However, if the covering layer 
Is formed of only^a pobalt compound, this cobalt comppund is diffused and permeates into the nickel hydrpxide.rnother 
particle during excessive discharging, leading to a reduction in the amount of Uie cobalt compound on the stirface of 
the particle, redgcing the cpnduclivity between th apth/e rpaterial after excess 

It can aiso!be considered that the further improvement in excessive discHarging charsicteristics diid to alkali heat 
20 treatment is due to th^ prpdunticffi of a high^r-ordet cobalticompound of an oxidization number higher than 2 which is 
a superior conductor, and due to the conversion to a porous structure of the microstructure of the multiple component 
precipitate covWring^ lay^c. so.that the electrical contact, between the mother particles and the electrolyte is improved. 

This is to say, the alkali'heat tre^tnrieht ca^ be considered as having both a chemical and a physical effect on the 
covering Iay6r so. th3t the eoy^ringJ^erls convferlBdJnto a, mQre..tavpr??J^)ft state for.th^^ electrode. reacUqn^ , 
25 It should be noted here that the metal compounds such as the aluminum compound, magnesium compp^Hpd, indmrn 

compound and zinc compound have superior properties for electrode additives in that they can be easily formed: into 
a mtiltiple componentiprecipitate with.the cobalt compound^ 19 that they dp not affect the cell reaction, . . 

^Experiment 2 ^ i.. > . i . -j i^r-'j - ,\fn f. ' . . • . :*r • . - v-*-. 

^0 , . \;. 

The relationshp between amQunt^ot covering layer. arid,th§ efficiency of the .active, rjnateri was iriyestiq^tetd. 
' ;^^ ysi^g thesame:manufaGtu^ing^n^^ethc^ as actiyp material ,A4:.in-^'^® ;®®??'^'^ ?.'^^^ rtiaterials Bq 

* were produced wittilhedifference with active rriaterial At be'^gj^iat the amount of cobalt' compound rpeasur^dJri Jenns 
of the nickel hydroxide in the mother .partide.-y/as varied; be^^ Ipy^wpight of hydroxi^les;, with the 

35 efficiency of the active material then being measured for these active materials B, - Bg. It should be noted here that 
the covering layer of these active nnaterials B^' - Bq was formed of a twp|Cornppn^rit precipitate, of a cptelt cpmpound 
and a zinc compound at a fixed ratio of 1 0:0.5. 

The efficiency of the active material was measured according to the following method. A simple open cell made 
up. of^jriickel-eleiptrode one the activ^^^ ^B^;' -ps, a nickel piate as ap 
40 opposing electrcKJ^ Wd an aquTOussol^ of 25% potassium rtydrox^^^^ Weight was manufactur'ed: It shb'uld be 
- noted here that-the-amount of active material used to fill the nickel electrode :wasj^egarded h;e^^ 
the nickel hydrtpcide' component and was calculated using the thedf etical ci^pacity of (289mAlji/g) per unk weight of the 
nickel hydroxide.' . ; . t : 
■'First; the pfficiency of the active material was calculated according-to the ^equation below, with. the. discharging 
45 capacity being.beasured by haying the simple cell described above continuously charged for 24 hours usi^ng a currerit 
of 36mA before discharging the cell with a current of Y20mA until the ending discharge voltage of -O.SY was reached 
/afthe nickel plat^: ^ ' r ■ - - - , .--^ 



so 



efficiency of p simple ceil discharge capacltry -| 

ac-tive material - 



!^ ■ • _ 

'* " during bpera-tioh 



•simple^ cell theoretical ' capacity-^ 



*iao, ; 



55 ! The results of these experiments are shown in Table 3, with the amount of the cobalt covering layer being expressed 

as the percentage by weight of the cobalt compound relative to the nickef hydroxide' calculated in terms of the weight 
-■^6f hydroxides. - ^'"j; u- =. . *• --..^^ < . ^ : 
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Nickel active materiah typis 


Opbfatiorial efficlenby of active' material ' ' 
[Index number] 


- Co%'in terms of weight of Nl hydroxide 




* ./ \ "\ "" ./ '"-'*;92'; ;* / ' \' ' 


"■"'r ' "0:5 ' 




* 0.'' ^ !; "-97»r ^'i; * ini. 


r.i:( \ ;■ 'I .:- - - - c?^ ■ 






,,n , 3, ... 




'- . :.l"O0r. 0 ■••-.ji:-.. 


1. . . v. . 7:5, .,. . 


Be 


1 00 (standard) 






- . .,,9§,, , 




By 


98 ' - ^ ' 


i . ;. ... ■ •■is;.- -...i!-'. :.. 


Be 


90 


16 



10 



IS 



20 



25 



35 



40 



45 



SO 



SS 



: f\; It should be noted here that the.efficienqy of the ^pVve rnpterials sl^ywn inv,Tab|,e Sare .e^ressed j^s jn^iex numbers 
with the efficiency of the active material B5 beirig set at 1 00 as the standard. > t ■ ^, / ^ f .;r , : \ \ 'c r ; , ; > j,:,:' c 
;; Ascan be clearly seen from Table 3, the|:e,ls.^;large drop ipthp efftcierpyof the.actr/^ materi^t.whenthp percer^tage 
by weigJ^t of '.cobalt is ;below-1% or above) 45%: r -vih ■: : ^> d ^ v. ■- ^. c- .;. a 'i;- r-, or -v.- 

This can be considered as being caused byaniifii^Lifficiency; Qf the^q^rbalt cpnippufKl when the perce^tage by. weight 
';s,below 1%, so that favorable conductiye.netwprks, car)not bp itprme^.^On.itJ]io.-othe^ ^e p^rcpntage by 

weight is above 15%, the minus effect due to the relative deGrease pfitfiie^rjicKe! hydroxide included jn.the active material 
which leads to a reduction in energy density can be considered as being more sign'rficant than the effect of the irn- 
provement in conductivity. ^ j 

From .these results^it can be seen!that it is desirabTe' to have ^^^^ anriounfof cobalt cornpoiind on the surface of 
the mother particles fall within a range of 1 %-1 5% of the weight of the mother-particle. - - 



30 Experirnent 3 ; : .t ; - ^ L : 

In gxperirnent 3, the relationship^betwepn the propprtloriate amount of zip 
and the excessive discharging characteristics was investigated. ,1 j . 

Using'the same maiiufactunng "method as active material A4 in the second embodimehtractive nrrateriais C^-Cy 
where the proportionate amount of zinc. compound to cobatt cotnpQund. in. th^e' covering is Va„ried between 0,3% and 
30% in terms of weight of the hydroxide were produced, with all other processes being the same as for active material 
'A4; Using the same iriethodfe as Expenmen^tMrthls and 'exces'^ive clischariging' char- 

acteristics were measured for each active material C^-Cy. ' ^ ■ -^^ ^ . • ^ ' 

It shoiild be noted Here that for the coverinig'layei's'bf active materials C1-C7/ the proportion of the cobaltconripound 
toHhe'hick^l hy^drbxide was fixed at 1 0% by weight calctrlated in^terrris of Hydioxidisa ^ » ^ * . ii 

^ ' '1n TaBle 4, tWe capacity per unit active material iarrd excessive diseharging cHar'acteristics ai-e expressed as index 
numbers wrtrt the bapacity per linit active material arid exces^iviB disctergingchafacteristics of acliV^ material 63 being 
^iset:at 10b as thfe standard. " ^"^ ^ ' ' ' ^ --^5; - -j.- x wiH;. . = . j^. -v: ..^ :tor^ 

\'.'t '- ': " - - !. ^! ( ^.-.Z . " J- . ."i:Table.4'''-"- ' . V-*\0 r:."* -o--. • -.m.' .ii^.r^i . 



Active nriate rial type 


electrical capacity per unit weight of 
the active material [index no.] 


* ' excessive idischaVging ' ' ' 
characteristics [index no.] 


■ fco:'Zn = V:*X" 
X is vaned ' 


Ci 


101 


88 


. .P-3' 




100 


98 


0.5 




100 (standard) 


100 (standard) . 








■ . . - -'r -'sr^OOi- 


' 10 






99 . ■ 


'15 




• ifiu i^^-" ^ii-/ -'98. . .-fv ■ 


;■: ... • ./lilOO.:^'. . > : 




07 


92 


100"' • ' 





10 
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As can be clearly seen from Table 4, there is a sudden drop in excessive discharging characteristics once the 
proportion of the zinc compound in terms of the cobalt compound is below 0.5% by weight. This as can be considered 
as being caused by the decrease in.the proportjori of the fzinc compound prey eriting sufficient reallzatipn of the multiple 
component effect, so that as a result the cobalt cpnipound is diffM.sesd and permeates into the. nickehhydroxide mother 
particles. ' ( . > i j*^:.,.. - _ ■ 

■ 'On the other hand, onde this proportion of the 2:inc^compound in temris of the cobalt compound- is above 25%-by 
weight, there is a drop in the electrical.capacrty perun it weight of the .active material, This can be considered as being 
caused by the decrease in the capacity per unit active material of the density of the cobalt compound on the surface 
of the active material which results frbiii the increase! of zinc compoun ' ^ " 

i- It should be-noted here that the -tendencies exhibited by the resutts in Table 4 were repeated when an aluroiQum 
compound, a magnesium compound or an^ indium compound were substituted for the zinc compound, in the multiple ' 
domponent precipitate. , , * ^ 

]- From the above results, it can be seen that in the covering layer, it is desirable to' have the ratio of one of^theJ 
aluminum connpound.Jhe magnesium compound, the indiurh compound and the zinc compound to a cobalt compound j 
fkll within a range of 0.5% by weight to 25% by weight. . ] 



Experiment. 4 . 



20 



25 



30 



35 



40 



45 



z. ::cjr^' Experirrierit '4i^ the relatiohsfhip betweeri the "prbpbrtion of ziiic cdmpouiid to cobiatt compoiihd and the operational 
efficiency of the active material was measured: '^^ ^ " ' * • ; , , ;n' , n . . i v in : 'v 

"'The sa'he rnariufactlifihg rir/iythod as S7 was Used io produceractive rriaterialsOi-^D^ wherein the amou^it of cbbalt 
compound in the covering layer is fixed at 15% by weight of the mother p'article-andthe'amdunt of zinc dbrnpCftind ia 
varied'and- betweeri and ^3.5%-^ ; J >; ; .-if 

'< • ' The results of this experiment into the idldtibnship^ bet//eer^^the''f)ropofti6n of ^Ih the nickel 

Hydrokide'(caicuia^^^ terms of hydroxides) and Ihe'efricieric^ shown in Table Srf^ ^j .^.v 

Tables ' j , u - ■ oc. - 



Act ive mate rial 


' cdmpd^itiori in terms of nickel hydrokide 


^ oper-atioial adtivb rmterial [index rib. J* 




Co 


2n 






15 


2 


100 (standard) i . ' a 








'.A^ 100 = ^ ^. . 




15 




y :-r-:a -.-j.,- : . 99 " ■ 




... ....JS.^... 







.:laTabl^.5;i)the>efficiency of Itie aqtiye.nriiateriaUs.exp in(;JpX:nurnber with-^e ^fficiericy oj the ^ptiys 

material D-, being set at 100 as the standard. i^.; ^r.-, .;..v;; . ; - • = . ; 

.J I ; ' As can .b^^seen |f rom Jablef 5i tJ^iere is- arnoticeable, drpp/|n. the, operational .etficienpy qf .the actiye material iOnce 
the amount of zinc compound speeds S^vby. weigl^it pf , the, nicked hydroxid^e mother particle compared tc| when. the 
, amount oflhe zine pomppund ;ifi:ir?. thp i-apge ot2%>- .3%.by. .weight. Jhis^c^Q jao thought, tp^, be due to the. minus.pffect 
of the.decreas^ in,^he.ampur:it o1^f^jekei^hyd^^^^^ amountof zinc cprripoun by. weight. , j,,^. 

From the above results and the results of Experiment 3, it can be seen that while it is desirable^ that the proportion 
of the zinc compound in the covering layer to the cobalt compound is between 0.5% to 25% by weight, when there Is 
a relatively high proportion by weight of the cobalt compound to the nickel hydroxide, it is desirable that the amount of 
zmcTorppound^in the covering jbe 3% ^y w^ight ofbelpw of the nickel Kydraxide 'ijibther particle calculated Ini terms 
of hydroxides. > ' , . J. - , \. .;; u^o.- t .-,.*'*.. \- . ; 



so 



55 



Experiment 5 ... ' . " 

; In Experiment 5vthe relationship of the operational Efficiency of the active material and the pH of the solution during 

; cove rjn g was^ investigated, * ' _ [ _^ ■ ' _ J 7.' ' ! . . ' ' 1 - i 

j Using the same man ufactiu ring method as active rriaterial A4 in the second embodiment, active materials E^ - E^ 
; were produced varying the pH of the solution duringthe formation of the covering layer within a rarige of 6.5 to 1 3 and 

the. capacity per unit active material was. measured, in. tfie same^way as in Experiment 1. _^ _ , 

The results of this expeiriment into the relation between the capacity per unit active material and.the pH of the 
• sol ut idh are shown in Table 6?, " ' " 
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J ^ ! "- 





capiacrtyp'er Unit of active rtidteriar 


'pJ^ of 'solution during covering 


El 


81 


: , -6.5 


"=2 




-7,5* • 


Ea 


95 


• 9.5' 




100 (standard) 


10 






.... .12.5. , . 




80 





V* .1' J.. I:/* 



Jn tatife 6, the capacHy'per ttnit active material is expressed as ah inbex^huitiber with tine =dap^^ pefJunlt ac 
matenai'bf acti\/e nriaterial Ea being • ' • ''i - . io f- v ir 



, . , . [ active 

material' of active material E4 being ! 

As can be clearly seen from Table 6, there is favorable capacity per unit active material when the pH'df the solution' 
during the formation of the covering layer is between 7.5 and 12.5, while when the'pH of the solution Is' below 7! 5 or 
above 12.5, there is a large drop in capacity per unit actiye rnaterlal. 

V/hen precipitation of the covering layews perfooned withtna pH range.of 7.5,to.1 2.5.JtheprecipitatJqn of the cobalt 
compound arib zinc compound hear the surface of tis mother particles p;*dce«*:as>grBdualIyand Gontlnuci;sty,^ 
an even and precise covering layer can be formed. On the other hand, it^is difTicul for favorable precipitation to occun 
when the pH of the soiution is beiow 7.5 or above i 2.57 1 iri"part"icu 

precipitation of the two-component precipi'jata becomes rapid and a covering layer J& cannot.be. properly fomied. \ 

25 Experiment 6 ^ S . ■: ^' ; 

* In Experiment.6, the relationship, between the cpncenti^iiorj^cS% rrietal sokjuon in the alkali heat treatment 

'and the operational efficiency of the active materials was found. 1 ^ \ 

\ Using the same^nrianufacturihg rriethod as the active materiaV Air active- materials F^-- Fg were manutactured 
^varying the concentration of the aqueous kodium hydroxide solutipn,usedjn the all^^^^ h^at treatrnent bet^ 
!45%. The efficiency of the active nnaterials F^ - F© was then measured in the same way as in Experiment 2. I 
" ™ Table 7 shows the results of this experirrienf Jii vj^^^^ 

sixfiurn hydroxide solution and the efficiency o^^ — • — — - • 



' Table 7' 



• Active material 


' operational Gfficiercy of lactiveirnateria! [index, ; - 
number]^; i', ' •'.'■<j>'K' '.c fi-^^r.-^if/v"!::.: riiv: r 


^ . concentration of . alk^lij metal .solution (wt%) 














. .. F3 .... 


-'"^ I0t) (stdndairdy - .. ^ 00 li - 


t OK r:,-;r.: ■ if:-; .25i ■■vi- ; :<• ■■-' ': .. 










■ '■• . ; ■"' ' -^ ^. -^'V^S m'.: 1- 








45 


v. NB: Jempejature during heat tre^tment^BO^^ /. • v.- -n. c-. .... 



As can be clearly seen from Table 7, the efiicjency of the, active ^^mat^ rials is favorable, when the cbricentration of 
- the sodium hydroxide solution is 15% to :40%. by. weight, while when.^^ weight pr above 

£^40% by weight; there. is a noticeable^ drop- in :the efficiency^, . n : ^ '.r' ; • ' • " - 

Ttiis can be considered as being caused by the factors described tjeloNv. 1. . j w. 

-When alkali^heat treatment; ip; performed using spdiunn hydroxide sioIuUqp whose cpncentratioH; is 15% to 40% by 
weight, the cobalt compound.on the. jsurfac.e of .the particles . is everily converted into cobalt compounds where^the 
I oxidization number of cobalt is above; 2;(higliK>rder cobalt cojfTipounds) which incrqase^ the conductiyity of the coyering 
1 layer. In this \vay.i conducting hetw^.:rK5:are^onmed betW(Ben thejparticles of active materials, which increases the overall 
efficiency. 
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r. ■ 

On the other hand, if the concentration of the alkali metal solution is below 15% by weight, the solubility of the 
cobalt hydroxide in the alkali solution is reduced, resulting in problems in the reaction converting the cobalt hydroxide 
into higher order compounds. This can be considered as .the^reason why there is insufficient improvement in efficiency. 

Also, if the concentration of the afkaftm^^^ solution;is^bove 40% by weight, It is thdjght that thelncreased viscosity 
of the solution prevents the alkali from permeating the covering layer, leading to urievennej^sjh the'reiactipn converting 
the cobalt hydroxide into higher order compounds, , " : 

It should be noted here that it was checked that the sarrie results were achieved by using otheir alkali compounds, 
such as potassium hydroxide, in place of' sodium hydroxide.- • - " 



Experiment 7 ! ^ is • ! 

In Experiment 7, the relatiorish ip between, thejemperatu re dun the alkali heat treatnrient and th^ efficiency of 
the active materials was investiigiated. i :* : ^ | 

Active materials Oi^-Gy were manufactured usfrig the same manufacturing method as active material A4 in the 
second lembodinnent^ with Jhe exception that the temperature during the alkali heat treatment was varied between 4<y*C 
and 160°C, with the efficiency of the active material in these active ir^atWials G11-G7 theh'being measured iji thp same 
w^.aSiin Exp9rinnent2. i.. ^ ■ -^^ ^v.. -■ rr.r, .t.. r = ^ . - v 1- ~ - ' 

}.-} /FheifesultsajiB shovpJnTa^ , ^M :,f- r- l wv.. i • ^ i v • v-; 









• Nickerac5t;vefrhater?al type:. 

Hi : \- ^ T. r ' ov. . b * -v-r ... 


'npera^-ionaU^fficiency of aotiya niateriah:,ri 
[ir.deK number] - - : ' :.c .:v:.-iv >) 


:teijr?p^rature ip alkali heat tr^^trpeatC^C). 




•'^ '^^^^'^'81 ^^''^^^^'^^^ 


■ - - '40 • ■ • - 


G2 


95 






99 


70 f.l •'"■■'^ 




J sir ^10^j(-^t^d^rd) , . • , 


, . 80 


. . G5 


^ 99 ^ ' ' ' 


■ - - . 120 . ..f.t C:f 




'r"- ,-^rZ. v 


' ' 150 • • ■ •• 

■ ■ — - -ff - -'1 1 1 








' NB: Coricdhtratioh of sodium Hydroxide in a^u§ou^ solution: 25% 





As can be clearly seen from Table 8, a range of heat treatment temperature between 50'C and 1 50**C is favorable 

for the efficiency of the active material, with there being a severe.drop in efficiency be!owJ50**Q arid above 1 50*C. 
the'de^irabfe t^ng^ foV the-heatirig tfemi^erature dun the alkali heat treatment being 50*0 to ;t50?C can be 

considered as being due to this range allowing the smooth conversion of cobalt to a highecorder and also due to the 
! destruction of the mtc restructure of the covering layer compose!^ of the Ifiultiple cornponent precipitate during heat 

treatment and the formation of a covering la*>er with suitably-sized pores as the higher order cobalt compounds are 
• generated It the poVisring layer^has sujtably-^ized pores, the covering layer does not hinder the contact between the 

electrolyte and the mother particle so that the electrochemical r;oaction can proceed snriobthly. ; j 

: Oh the other hand, if the t&rrtperature durinxj heat treatment is below BO^G, this will result in a decrease .in thia 

solubility of -the cobalt hydroxide Jn the alkali 'Splutipn as well asa reduction in the effect of the heat treatrnent on the 
' covering layer. If the temperature is above ISiD'C, it can be considered that the heat treatment has a detrimental effect 
i on the nickel hydroxlipJe forniihg the rribthiBr particlia, so that the mother particle is converted into nickel oxide which is 

not an active-material for an electrolytic cell .... , ; 

^ - It should be noted here that the abave erobodirnents have.de'scrl^b^ a cobalt compourld which 

, contains one of an aluminum compound, a magnesium compound, an indium compound or a zinc compound, although 

the siarVie results may b'e^chieved l^^ < * - • • 

' SihnilkrIy; the^'above ehribbdi'm6hts describe exarhples of foam'^hiekerfilied with active materials as the. substrates 

of nickel electrodes, although the same results can be achieved^by filling; a substrate, such. as punching nrietai; with 

active material in the same way as is described above. ^ ' l .1. .tir. j ^.n o: ; ^ . . . . ' ■ 
' Fbr the nickbl hydrdkiSe adtive' material^ the present invention, thV<ibbafti hydroxide in the covering layer is 

converted by rtieari^ of ail^li h'^attreatrfteht into cobalt compouh^^ where th6 6xidization number of cobalt exceeds 

2; Wriich acts to iricryase the 'conductivity bf the actwe material. Furtheraddrngone ormore otthe following metal 
' compounds; an a^ a nriagnesium corinpound, an ihdiumco^^ compound, also acts 
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to suppress »the diftusk>n:an»d p0rn}eation . of the\cobalt ,compoundiJnto>the. nickel hydroxide -motiier particles during 
excessiyeidischargingnp. :;*.fM:it'^-t. \ ^ 3' r-.;<-:Mrir<r,...;. c- o-^^^^^n.■.i^vry^.,K.,^-r.^y'iJ: . ^ ■ . . 

Therelore, when this kind ot ntpkri hydrpxide_ active material is. used to; fill: an^ electrode substrate which is then 
installed iinto:an alkali'storage Gell;,tavorab!evConductive networks wHI be formed;between the active material particles, 

s leading to a large increase in the efficiency of the electrode active materials and an increase in the electrical capacity 
per unit weight of active material (energy density), as well as preventing any reduction in electrrcal capacity after 
excessive discharging^ re n f^;.:,io ^lo-^^U^ ^ f:. '■ik'^c:/^' O^.-i: - ^.-^ ; mi /. ,::;in ,v 

V; Furthermore, themanufacturingflnethod of tha present inventiof;tt enable^ the safe and reliable manufacture .of the 
above nickel active material and alkali storage cell by means of a relatively simple method. . , / . - 

10 Accordingly, this method can provide nickel active material of high electrical capacity per unit weight and of superior 

excessive discharging characteristics. at low cost J . . ;,''c il :t'..f -n r. j ' . -^ir p* ^ / . c .-n i. 

Although the present invention has been fully. described by waysgf examples with, reference tQithe acoqmpanytng 
drawings, it is to be noted that various changes and modifications will be apparent to those skilled in the art. Therefore, 
unless such changes and modifications-depart from the scope of :the. present inventbp.jthey should b^/construed'a^. : 

^5 being included therein. w. . ,o . :;j - -i^'-r^-. i: \: : 

Claims ; -,• • , ... 

20 1;:, Anickel active material in particle form cornpriQin^a^ covering layer fornied on a. surface of, one .of airnoiher particle, f 
formed of nickel hydroxide and a mother particle formed with a main component of nickel hydroxide, .wherjeiho 

the covering layer includes a cobalt compound and at least one of the following metal compounds; an alu- 
minum compound, a magnesium compound, an i^.t^iumponpounfivand.azinc Qprr;^^ ; 
in the covering layer is converted into cobalt compound where an oxidization number of cobalt is higher than 2 by 

25 heat treatment of the nickel active material in the presence of oxygen and alkali, .-.i -r . . . 

2. The nickel active material of Claim il.whereinutheccwering. layer includes an amount of* cobalt eonripQund which 
: lis lbetween 1% and 1.6% by weight of^nickel. hydroxide. in .the mother particle cajpuJatiqgdn terms :Of hydroxides. 

50 3; :i:The nickel active material of Claim , wherein ithejamount ottTietal^. covering;ilayerjp between 

n :0.5%iand 25%:Ofithaiweightof the;COt^rconrqpoun.dcab^ of [hydrpxides.^-^?' n\ (V,r . 

4. -. The inickel active rmterial of Claim.S.ifVyherein the empMnt of fnet^l.cp 3% 

of the weight of the mother particle calculating in terms of hydrpxicles.-,. ; . . ^^ : / 1, j ; ; w .s n: ; . 

5. . Th^ nickel ;active rnaterial of piairn^ilrJtft^perQin^th^ the covering-layer is;.feetween 

0.5% and 25% of the weight of the cobalt compound calculating in terms of .hydcoxid^s: , r.^ t . -i . r^ 

6. The nickel active material of Claim 5, wherein the amount of metal compound in the covering layer is below 3% 
40 of the weight of the mother particle calculating in terms of hydroxides. 

7. An alkali storage cell, comprising: 

a positive electrode made up of a substrate filled with a nickel active material in particle form comprised of a 
covering layer formed on a surface of one of a mother particle formed of nickel hydroxide and a mother particle 
fomned with a main component of nickel hydroxide, wherein the covering layer includes a cobalt compound 
and at least one of the following metal compounds; an aluminum compound, a magnesium compound, an 
indium compound and a zinc compound, and wherein the cobalt compound in the covering layer is converted 
into cobalt compound where an oxidization number of cobalt is higher than 2 by heat treatment of the nickel 
^o active material in the presence of oxygen and alkali; 

a negative electrode arranged so as to face the positive electrode with a separator in-between; and 
an alkali electrolyte which is in contact with both the positive electrode and the negative electrode! 



45 



55 



8. A manufacturing method for nickel active material for an alkali storage cell, including: 

a dispersed solution adjustment step for adjusting a dispersed solution by dispersing one of mother particles 

formed of nickel hydroxide and mother particles formed with nickel hydroxide as a nnain component; 

a covering step for adding an alkali solution and a multiple component solution containing a cobalt compound 
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and metal compound made up of at least one of an aluminum compound, a magnesium compound, an indium 
compound and a zinc'compouhd^td the dispersed soiutlon whrfet adjusting sa- weak base, triereby using, the 
mother particles as a base and covering a surface of the mother particles by precipitating a multiple corrsponent 
precipitate made up*of the cobaft compound and the metar compound; ^a^ -i^r i , 

an alkali heat treatment step for^placing the mother particles covei-ed in the covefing step into^^lkall metalr 
^ sotmibn and heat treating with bJtygen pres^^ ■ f ■ ^ • ^ r.i^ m . ^ . i . i; ^n^' ^ 

9. The manufacturing method of Claim 8, wherein the pH of the dispersed solution in the covering pfocess is adjusted 
so as to be in a rangb of 7 5 to 12^tor the predlprtation of theimultlpSe c6^ precipitate on the surface of 
the mother particles. . ^h<. e-^ r. . M'i \:: ^iv. .■ ^ -■.i/,". , n'- 

10. The manufacturing method of Claim 8, wherein the amount of cobalt compound in the covering step; relative to the ^ 
cj mother particle . is ^within a range of 1% to^ 15% by weight, calculatirig in temns of hydroxides:*? - : i;jur 

11: ^Tha manufacturing method of Claim S/^whereinithe concentration of the alkali metat in the alkali heat treatment 
step is In a range of 15% to 40% by weight. - ■ 

12. The manufacturing method of Claim 11 , wherein the temperature during the alkali heat treatment process is be- 
tween SO^C and 1 50**C. 

1 3.i.:The rnEriufactiiring method of Claim 8, wherei?l tile tamperatufe during the aikall tieat treatment process is^betw'een ' 

14:nA-manufactijr1n^ hFvethckiforana»<ali^m^ ; ;i n > c ! ^ 

a positive electrode manufacturing^steip Which GC^ ^ i ?ri t wtv o ^ , : ivr. > -u rn^c *^ . .^o = 

a dispersed solution adjustment step for adjusting a dispersed solution by dispersing one of mother particles 
^r,? : r; Jormed'Of hicket hydroxide and mother parttcleS formed with a main component of nickel hydroxide; * ^ 
. i r a cb^/^ring step for addmgan alkali isotut ion and a multiple "component sbluticntcon tain in g a cobalt G6m(!)ound 

and metal compound made up of at least one of an aluminum compound, a magnesium compound, an indium 
n : cbrnpound"arid'a zinc ccMTT^po^ the dispersed solution' whilst adjusting a w^akbase, thereby ^usirtg the 

mother particles as a base and covering a-surf^de^f thelnother partiGles by pTecipitatrng a mu Itipiis corhjDbnent 

precipitate made up of the cobalt compound and the metal compound; and 
r £ / ai'aikairheat treatment step for placing^ the rtiothef partfcles covered in the covering step into aikah tin etal' 

solution and heat treating with oxygen presefit/ ! ' o - - * : . j ■ ;^ v_ 

and a cell assembly step for arranging the positive electrode formed in the positive electrode manufacturing 
c - step artd'a riegative electrode jsof^iS td f^e each'othei- with a separaitofln-beltWeen and for assembling a cell 

by pouring in an alkaireleGt:t>!yte;''-^'^'-' ^""^ ^ -^.■n:-::*-:r:r::n:Bao> ui' ■•■■^ --.i^^/j'^y-- ■ -./^ 
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